Paraffin-embedded organ samples from 28 aborted fetuses and three foals, partly archival and partly sampled in 1991, were examined by polymerase chain reaction (PCR) and immunohistochemistry for the presence of DNA and antigens, respectively, specific for equine herpesvirus 1 (EHV-1). Virologic examination had been performed on 23 of the aborted fetuses.
Equid herpesvirus 1 (EHV-1) is an alpha-herpesvirus with worldwide distribution in horses. Infection occurs in most animals in their first year of life. 1 EHV-1 is a major cause of abortion in mares, but it is also associated with respiratory disease, abortions, a paretic syndrome, and perinatal mortality in foals, which is probably caused by infection of susceptible mares late in pregnancy. 20 Like other herpesviruses, EHV-1 may establish a latent relationship with its host, and latent infections may be reactivated. 11 Immunity to infection with EHV-1 after vaccination or natural infection is weak and of short duration, and reinfection is common. EHV-1 has been differentiated into abortigenic (EHV-1) and respiratory strains (EHV-4), which differ distinctly in both antigenic and genetic properties. 34, 37 The pathologic changes in aborted fetuses are typical, grossly characterized by enlarged livers with rounded borders, often with small necroses (up to 5 mm in diameter), apparent through the capsule and on cut surfaces. Lung lesions include edematous interlobular septa and fibrinous casts in the trachea and bronchi. 1 Histologically, multiple necrotic foci are present in the liver, with intranuclear inclusion bodies in hepatocytes. These inclusion bodies are also present in bronchial/bronchiolar epithelial cells, with a necrotizing bronchitis/bronchiolitis. 1 Abortion caused by EHV-1 infection is usually di-agnosed by evaluation of morphological lesions and isolation of the virus from lungs and/or livers from aborted fetuses. However, the cultivation technique is time consuming, and false-negative results may be caused by postmortem changes with subsequent inactivation of virus. Specific DNA fragments of EHV-1 have been amplified by the polymerase chain reaction (PCR) from fresh organ samples from aborted fetuses 5 and from nasopharyngeal swabs from horses. 36 However, identification of EHV-1 by PCR from paraffinembedded tissue would constitute an adjunct to standard virus cultivation techniques and would allow retrospective epidemiologic studies to be performed on archival material. The identification of EHV-1 in aborted fetuses by immunoenzymatic 15, 23, 42 and immunofluorescence methods 18 has been described previously. Immunoenzymatic techniques applied on paraffin-embedded tissue specimens from aborted foals facilitate the simultaneous evaluation of morphological lesions and the identification of the infectious agent. Fluorescence techniques do not allow assessment of morphological lesions by traditional criteria.
The objectives of this study were to establish PCR and immunohistochemistry as procedures for detecting EHV-1 in paraffin-embedded tissues of aborted fetuses and to compare the results obtained using these procedures with those of traditional diagnostic methods, i.e., virus isolation and histopathology.
Materials and methods
Selection/sampling of material. Organ samples investigated by PCR and immunohistochemistry were partly ar- (Table 3) , although samples from liver and/or lungs were collected from all fetuses/foals (except for fetus no. 9).
for 5 min. The samples were then centrifuged and decanted, and the procedure was repeated with 100% and 95% ethanol. The tubes were then left on the bench until the ethanol had evaporated. The sections were then digested by proteinase K 32 and stored at -20 C until use. Five microliters of the proteinase-digested specimens were added to a PCR mixture 31 with final volume of 50 µ1 and were overlaid with a drop of mineral oil. The samples were first heated to 94 C for 5 min for denaturation in a DNA thermal cycler and then cycled 40 times, each cycle comprising denaturation at 94 C for 1 min, annealing at 55 C for 1 min, and polymerization at 72 C for 1.5 min. The specificity of the PCR was tested using 9 different EHV-1 isolates, 2 different EHV-4 isolates, bovine herpesvirus 1 (BHV-l), caprine herpesvirus (BHV-6), pseudorabies virus (PRV), and reindeer herpesvirus (RHV) as templates. The viruses used in this study are listed in Table  2 .
Virus isolation/identification. Tissue homogenates diluted 1:10 in Earl's medium (pH 7.6) were inoculated onto monolayers of rabbit kidney cells (RK-13) and examined for cytopathic effects for up to 8-9 days. 35 Complement fixation test (CFT) was used for diagnosis during the 1961-1965 period. 14 Of the 31 fetuses, EHV-1 infection had been diagnosed in 4 of 5 fetuses during the 1961-1965 period by a CFT, whereas during the 1966-1991 period, 17 of 23 had been positive by virus isolation.
Fixation methods. According to standard procedures, organ samples were fixed by immersion in 10% neutral buffered formalin (pH 7.2-7.4) for 24-48 hr and embedded in paraffin wax at 56-59 C. A few organ samples (22 organ samples from 5 fetuses) were also fixed in absolute ethanol for 48 hr at room temperature, transferred to xylene, and embedded in paraffin wax. All organ samples were also evaluated for pathologic changes.
Electrophoresis. Ten microliters of the PCR products was run in a horizontal submarine 2.0% agarose gel in TBE buffer (0.089 M Tris-borate, 0.089 M boric acid, 0.002 M ethylenediaminetetraacetic acid [EDTA], pH 8.0) at 7.1 V/cm for 1 hr and then stained with ethidium bromide. 24 A visible band with the correct weight was considered a positive result. For identification of the amplified DNA segments created by PCR, digestions with the restriction endonucleases Xho I and Hae III for the segment created by PI and P2 and Hpa I and Kpn I for the segment created by P3 and P4 were performed from a random selection of positive tests. These enzymes have a single cleaving site in the amplified DNA segments. 2 The results of this test were run in gels as described for PCR products.
Primers. The primers used in PCR were 22-25-base pair (bp) DNA oligonucleotides. The sequences of the primers and location in the EHV-1 genome are shown in Table 1 . Primers PI/P2 and P3/P4 were used in different tubes. The Immune serum. Immune serum was collected from a mare that was naturally exposed to EHV-1. The convalescent serum had a titer of 128 in a complement fixation test.
Neutralization test and Western blotting. The immune serum was also evaluated in a neutralization test and in Western blotting. In a neutralization test using 2-fold dilutions of serum and 100 TCID 50 of virus, the convalescent serum had a titer of 512. A horse serum that was negative in the neu-DNA segment inclusive of Pl and P2 was 489 bp, and that tralization test was used as control serum. To test the specinclusive of P3 and P4 was 369 bp.
ificity of these sera, Western blots and respective adsorption Amplification. Sections approximately 5 µm thick were tests were performed with EHV-1 and EHV-4 antigens. cut from each block (the microtome blade was carefully EHV-1 was cultivated on RK-13 and EHV-4 on equine emcleaned between each block) and deparaffinized in an Ep-bryonic lung cells until complete cytopathogenic effect (titers pendorf tube by immersion in xylene at room temperature approximately 10 6 TCID 50 and 10 2 TCID 50 , respectively) was Table 3 . The results of attempts to detect EHV-1 by virus isolation, PCR, and immunohistochemical methods (IH) and the presence of pathologic changes in 28 different fetuses (1-28) and 3 foals (29) (30) (31) . seen. The virus was pelleted by centrifugation. This pellet was suspended in TNE buffer ( 10 mM Tris/HCl, pH 8.0, 100 mM NaCl, 1 mM EDTA) with 2.5% sodium dodecyl sulfate (SDS) and 5% beta-mercaptoethanol and using S-25-gradient polyacrylamide gel electrophoresis (PAGE). The gels were stained with silver. The molecular weights of the proteins were estimated by comparing their electrophoretic mobilities against standards (SDS-PAGE standards, high and low range a ). Unstained parallel gels were blotted onto nitrocellulose membranes (NC). After transfer, membranes were Adsorption controls were performed by mixing serum (diblocked with phosphate buffered saline (PBS) containing 1% luted 1:2,000) and EHV-1 antigen (0.48 mg protein/ml) and bovine serum albumin (BSA) b and 0.1% Tween 20 for 1 hr incubating overnight at 4 C; the mixture was then used in at room temperature and then washed 3 times for 5 min in immunoblots. PBS with 0.1% Tween 20. The membranes were then incu-Immunohistochemistry. The immunohistochemical probated overnight at 4 C with immune and control serum (di-cedure was performed as previously described. 21 Sections were luted 1:2,000). The streptavidin/peroxidase procedure pre-deparaffinized at 58-59 C for 30 min, washed in 2 xylene viously described 13 was used to detect immunogenic proteins. baths, and rehydrated through a series of ethanols (100, 96, Lane 18. 123 bp DNA weight standard (BRL). Numbers on lower right denote number of base pairs. and 70%). The sections were then incubated with BSA (50 g/liter) in Tris-buffered saline (TBS) for 20 min. The specimens were blotted dry before incubation for 1 hr at 37 C with the immune serum as described above, diluted 1:2,000 in TBS with BSA (25 g/liter) as diluent. After washing in TBS for 5 min, the secondary antibody, anti-horse IgG c conjugated to biotin, was applied to the specimens at a dilution of 1:300 and incubated for 30 min. After washing in TBS for 5 min, avidin-biotin-alkaline phosphatase c (diluted 1:300) was applied and incubated for approximately 45 min. The sections were washed in TBS for 5 min and incubated with Fast red b (0.1 g/liter) and naphthol AS-MX-phosphate b (0.2 g/liter) with 1 mM levamisole b as inhibitor for 20 min. After washing in tap water, the sections were counterstained with Harris hematoxylin for 2 min and then washed again in tap water. Coverslips were mounted with aqueous medium. c Immunohistochemical performance controls. Tissue specimens of liver, lung, kidney, heart, spleen, and fetal membranes from EHV-1 -positive fetuses were incubated with control serum (negative in the neutralization test) at the same protein concentration as the immune serum. Tissue specimens from an EHV-1 -negative (according to virus isolation, not shown in Table 3 ) aborted fetus were also included and were incubated with both immune and nonimmune serum. End-point dilution was also determined by titration of the immune serum (2-fold dilutions steps). Sections from both formalin-and ethanol-fixed tissue samples were included. End-point dilution was determined as the highest dilution giving a discernible reaction.
Adsorption controls were performed by adding equal amounts (v/v) of diluted immune serum (1:1,000) and a 2-fold dilution series of a suspension of EHV-1 dissolved in PBS (starting at a protein concentration of 0.48 g/liter). The purified antigen, as described above, was incubated for approximately 15-18 hr at 4 C on a roller and centrifuged, and the supernatants were applied to positive tissue sections (lung).
Comparison of tests/statistical analysis. Statistical analysis was performed using McNemar's chi-square test for comparison of methods, 26 comparing the results obtained using PCR and immunohistochemistry for identification of EHV-1 in different organ samples. A P value of ≤ 0.05 was considered significant. The agreement between the different tests was also measured, and a kappa value was calculated. 25 Agreement was considered moderate, substantial and almost perfect at 0.4 ≤ K < 0.6, 0.6 ≤ K < 0.8, and 0.8 ≤ K < 1, respectively.
Results

Pathology
Pathologic changes were present in most samples (Table 3) ; typical lesions were multiple necroses in the liver parenchyma, often with a moderate infiltration of mononuclear inflammatory cells ( Fig. la) . Eosinophilic intranuclear inclusion bodies were present in hepatocytes (Fig. 1a ), and intranuclear inclusion bodies were also found in Kupffer cells. Interlobular and alveolar edema was prominent in the lungs. Necrotizing bronchitis/bronchiolitis was found, as was necrosis of alveolar epithelial cells. Inclusion bodies appeared in epithelial cells in the bronchi/bronchioli and alveoli ( Fig. 1b ). Focal necroses in the lung parenchyma were also observed. In the spleen, necroses were frequently found in germinal centers.
Fetus no. 15 was recorded in the files as an EHV-1 infection, but virus isolation, PCR, and immunochemical examination (IH) were negative. The case should be reclassified.
PCR
Initially, a pilot study was performed to see if there was any difference in sensitivity between the PCRs using either primer pair Pl/P2 or P3/P4. Of 81 randomly selected paraffin-embedded samples from virus-negative and -positive fetuses, 35 were positive for EHV-1 using P1/P2 and 44 were positive using P3/ P4. All samples that were positive by P1/P2 were also positive by P3/P4. Therefore, primer pair P3/P4 was chosen for use in further investigations.
The results showed that DNA segments of expected sizes were amplified by PCR using both primer pairs when the 9 isolates of EHV-1 were used as templates (Fig. 2) . No amplification was observed for EHV-4, BHV-1, BHV-6, PRV, and RHV under the described conditions. However, if the annealing temperature was set at 50 C or lower, primer pair P3/P4 caused an amplification of a DNA segment from EHV-4 that was similar in size to that observed for EHV-1. This DNA segment could be distinguished from the EHV-1 DNA segment by use of the enzymes Hpa I, Hae III (Fig. 3) , Kpn I, or Alu I (data not shown). Digestions with restriction endonucleases created DNA segments of expected lengths according to the known sequence, 2 thus demonstrating the specificity of the amplifications of EHV-1 DNA. A sample was considered positive for EHV-1 in the PCR test when a DNA band of the expected size was observed after electrophoresis.
SDS-PAGE and immunoblotting
Electrophoresis of the crude EHV-1 and EHV-4 antigens gave numerous protein bands in the 16-250-kD weight range (Fig. 4) . When using the antiserum in Western blots, the EHV-1 antigens gave major visible bands with electrophoretic mobilities corresponding approximately to molecular weights of 265 kD, 160 kD, 95 kD, 65 kD, and 45 kD (Fig. 5a) . No bands were observed for EHV-4 or cell culture antigens. Staining was almost completely prevented after adsorption of the serum with crude EHV-1 suspension (Fig. 5b) . The control serum did not give any detectable bands in Western blots (data not shown).
Immunohistochemistry
Positive reactions for EHV-1 were obtained in hepatocytes manifested as a diffuse, strong red coloration of the cytoplasm (Fig. 6a ) Cells in necrotic foci, and in areas surrounding such foci, stained positively. Kupffer cells were also occasionally positive. The intranuclear inclusion bodies in hepatocytes usually remained unstained (Fig 6a) . In the lung parenchyma, a strong, positive cytoplasmic reaction was found in the bronchiolar ( Fig. 6b ) and alveolar epithelial cells. Degenerated, desquamated bronchiolar epithelial cells showed a similar reaction (Fig. 6b ). Intranuclear inclusion bodies in such cells sometimes stained positively (Fig 6b) . Of 14 fetuses from which liver and lung samples were collected, 12 were positive for both organs, and the other 2 were positive for liver and lung, respectively.
Performance controls
Nonimmune serum gave no reaction when incubated on positive sections. Incubation with immune serum on sections from control fetuses gave negative results. One foal (no. 31) had died from infection with Streptococcus zooepidemicus, and a positive reaction was present in bacterial colonies in lung and hepatic parenchyma (not shown).
End-point dilution for the immune serum was 1:8,000 and 1:32,000 on formaldehyde-and ethanolfixed tissue specimens, respectively. The immunostaining obtained with immune serum was inhibited by the addition of excess corresponding antigen. The final antigen concentration giving negative reaction was 0.03 g/liter EHV-1.
Comparisons of the different techniques
Organs. The results of the 140 paraffin-embedded organ samples tested by PCR and IH are given in Table  4 . McNemar's test revealed no significant difference between the 2 tests (x 2 = 0). Agreement between the Fig. 4) . Tentatively, the EHV-1 proteins 1, 2, 13, and 14 are denoted. b. After adsorption of the serum with EHV-1 had been performed. The staining seen in Fig. 5a has almost completely disappeared. tests was 87.8%, and substantial agreement was found between the tests; kappa was estimated at 0.76.
Fetuses/foals. The 5 fetuses previously evaluated
with the complement fixation test (UT) (196 l-l 965) were positive for EHV-1 by PCR and IH. One of these fetuses had been negative with CFT. Of the 23 fetuses tested for EHV-1 infection by virus isolation (Table  3) , 16 were positive and 7 were negative. When organ samples from the same fetuses were tested by PCR, 20 fetuses gave identical results (15 positive and 5 negative). By IH, 19 fetuses (14 positive, 5 negative) gave identical results. The agreement between the different tests and the kappa values are as follows: virus isolation vs. PCR: 87%, K = 0.69; virus isolation vs. IH: 82%, K = 0.47; and (from Table 3 ) PCR vs. IH: 94%, K = 0.85.
Compared with virus isolation, PCR and IH have a relative sensitivity of 90% and 86%, respectively. Estimates of relative specificity for PCR and IH are not presented, because very few stored paraffin-embedded tissue samples from aborted fetuses with negative virologic diagnosis were available from the files.
Furthermore, fetus no. 6 was negative by virus isolation and PCR and positive by IH (also with typical pathologic changes in the liver parenchyma), and fetus no. 25 was negative by virus isolation and positive by both PCR and IH (also with typical lesions in liver Table 4 . Agreement between PCR and immunohistochemical methods (IH) for identification of EHV-1 in paraffin-embedded tissue. and lung parenchyma, Table 3 ). The 3 fetuses with bacteriological diagnoses, and for which virus isolation had not been performed, were negative by PCR.
Discussion
In the present study, PCR and IH were used for identification of EHV-1 in paraffin-embedded organ samples from aborted fetuses. The results obtained have been compared with those of standard virus isolation from the same material. Both PCR and IH must be considered as powerful tools for the identification of EHV-1 in paraffin-embedded tissue. Different methods have been described for the extraction of DNA from these tissues. Southern blot analysis is frequently used; 10,16 however, this method is often hampered by technical problems caused by degraded DNA. 10, 16 The efficiency of PCR techniques is also dependent on the condition of the DNA, which again will be influenced by the preparation techniques, i.e., fixative, fixation time, and processing techniques, 7 the condition of the tissue (autolysis), and storage. 10, 17, 43 Fixation time seems to be especially important for successful amplification using cross-linking fixatives, and the longer the fixation time, the less efficient the subsequent amplification. 17 The fixation time used in the laboratory in this study was 24-48 hours at room temperature, with subsequent embedment in paraffin. Although variation may occur, the methods used should be within the range reported to give good amplification from paraffin-embedded tissue. 17 Less consistent information is available in the literature regarding the use of different fixatives. 6 Some authors have reported cross-linking fixatives (aldehydes) as appropriate for PCR amplification, 17 whereas others have described precipitating fixatives (alcohols) as best suited for this procedure. 33 Most of the archival paraffin-embedded tissue used in this study had been fixed in neutral buffered formalin, and only a few organ samples had been fixed in ethanol. A comparison of the results obtained for the two fixatives revealed no difference. However, the number of specimens was limited.
As mentioned, tissue autolysis will influence the condition of the DNA, as will storage. 10,17,43 Tissue autolysis can be marked in aborted fetuses and is generally difficult to control in necropsy material. To overcome this problem, tissues can be sampled immediately after death/abortion and the samples sent to the laboratory in buffered formalin and/or ethanol. The paraffin-embedded tissues used in this study had been stored for up to 30 years. DNA breakage in stored tissue specimens will influence the efficiency of PCR, especially when the amplification product exceeds 450-650 bp. 43 This breakdown may partly explain the differences in the sensitivity between primer pairs P1/P2 and P3/P4, where the DNA segments were 489 bp and 369 bp, ciency of the amplification. 17 Proteinase IS treatment was chosen in this study rather than boiling because boiling gives an incomplete dissociation between DNA and proteins and thus lowers the efficiency of the PCR. 22 Conventional DNA extraction using phenol/chloroform was considered unnecessary, and thus manipulation of the samples was minimized. One of the disadvantages of PCR is false-positive results caused by cross-contamination . 44 Therefore, the manipulation of the samples should be kept to a minimum. Even inadequate cleaning of the microtome blade can be a potential source of cross-contamination.
The results showed that the amplified DNA segments were specific for EHV-1; no other herpesviruses tested or the equine genome were suitable as templates in PCR at the described conditions. The specificity of the PCR results was confirmed by the restriction endonuclease digestions. The amplification of EHV-4 sequences at annealing temperatures of 50 C and lower indicated the close relationship between EHV-4 and EHV-1, and these 2 viruses could be differentiated by restriction endonucleases. These results have also been shown for other PCR primers. 27 Although as many as 40 cycles were performed, nonspecific products were seldom observed after ethidium-bromide staining. However, if the PCR products as seen on a gel are dubious, results may be confirmed by hybridization with an internal probe after Southern blotting of the PCR products. 3 1 This procedure was considered unnecessary in this study.
In Western blot, the stained bands that corresponded to molecular weights of 260 kD and 90-85 kD probably correspond to the envelope glycoproteins VP1-2, and VP13 and VP14, respectively. These proteins are among the most abundant glycoproteins in the EHV-1 virion. 38, 39 Epitopes on VP13 may elicit neutralizing antibodies, and the majority of the epitopes are subtype specific. 3 In this study, no cross-reaction to EHV-4 in Western blot was observed. EHV-1 and EHV-4 are closely related antigenically; and cross-reactions in serologic tests, such as neutralization tests, are usually observed 39 The absence of cross-reaction may partly be explained by the fact that the EHV-4 titer in equine embryonic lung cells was lower than the titer of EHV-1 in RK-13 cells and the amount of EHV-4 antigen used in Western blot was therefore less than that of EHV-1. Furthermore, the high dilution of antiserum may have selected for antibodies with high avidity and reduced cross-reacting antibodies, giving a negative rerespectively. However, sensitivity differences may also action. The almost complete removal of staining of be explained by the fact that P3/P4 was chosen from EHV-1 proteins after adsorption also indicated that a more conserved part of the genome than was P1/P2. the reaction was specific.
Proteinase K treatment was used to extract DNA. Identification of EHV-1 antigens by an DNA extraction methods significantly affect the effi-immunoenzymatic 15,23,42 and a direct immunofluores-cence 18 technique has been described previously. Specific antisera raised in rabbits were used for identification of EHV-1 in paraffin-embedded tissue, but at low dilutions. 2 3 In general, this procedure may give reduced efficiency (signal/noise ratio) 29, 40 in IH. In this study, as in others, 18 a convalescent serum was used that had a defined high titer in CFT and neutralization test. IH was highly efficient with this serum, as visualized by a strong reaction in virus-positive cells in the lung and hepatic parenchyma and an almost negligible background staining. However, in tissue sections from foals given colostrum before death, efficiency will be reduced by high amounts of circulating antibodies, especially IgG. In alcohol-fixed tissue, strong background staining was observed in blood vessels and also in loose connective tissue, which is consistent with the intraand extravascular distribution of IgG. In formalin-fixed tissue specimens, this phenomenon was not so prominent, possibly because of cross-linkage of IgG proteins induced by formaldehyde, and subsequent masking. 8 Thus, the fixation procedure is of primary importance in IH. 8 Alcohol fixation has been reported as superior to formalin fixation for immunohistochemical identification of many antigens, such as immunoglobulins 9 and keratins. 4 For EHV-1, the primary antibody could be diluted 4-fold more in alcohol-fixed than in formalin-fixed tissue specimens, still giving a discernible reaction, which reflects a higher staining efficiency and indicates that the antigenicity of EHV-1 antigens is better preserved in alcohol-fixed than in formalin-fixed tissue. However, this does not give any indication of the staining sensitivity-the smallest amount of antigen revealed. 29, 41 Using a convalescent antiserum, adequate controls must be run to test the specificity of the observed reactions. Method specificity can be well evaluated by making serial dilutions of the primary antibody and running simultaneous stainings up to a point where no reactions are detectable; 30 a titration curve was obtained for ethanol-and formalin-fixed tissue. Antibody specificity is more difficult to evaluate. One way to test the antibody specificity is to run an adsorption test, i.e., by adding antigen in surplus to the antibody solution and thereby blocking all antibody binding sites, which will block the immunostaining. 28 However, the results obtained are greatly dependent on the purity of the antigen used, and the disappearance of staining after adsorption does not necessarily validate specificity because contaminating antibodies can also be adsorbed. 12 In 1 case, positive staining was seen in bacterial colonies in the lung and hepatic parenchyma from a foal that died from infection with Streptococcus zooepidemicus. Based on morphological criteria and bacteriology, this case was not an EHV-1 infection (as confirmed by PCR). The reactions observed were most likely caused by presence of antibodies in the convalescent serum directed toward antigens to which the donor animal was naturally immune. 19 The great advantage of IH as compared with PCR from a morphological point of view is the visualization of typical lesions in conjunction with identification of EHV-1 antigens. IH also assures the specificity of the reaction if antigens are distributed as expected.
In the diagnosis of viral diseases, conventional virus isolation is often considered the "gold standard," the reference against which the relative sensitivity and specificity of other methods is measured. Based on these criteria, both PCR and IH showed high relative sensitivity (90% and 86%, respectively). Specificity was not assessed, largely because paraffin-embedded tissues from aborted foals with negative diagnosis were not available from the files. In general, calculations of sensitivity and specificity assume that positive virus isolation represents "disease" and a negative result indicates "health." 25 These assumptions are incorrect because the results obtained by virological examinations will be influenced by postmortem changes, virus inactivation, and method sensitivity. Furthermore, the possibility of cross contamination, and thus of falsepositive results during the virus isolation procedures, should not be excluded, especially when numerous passages are used. Therefore, under such circumstances, where quantitative measurements of sensitivity and specificity are not available or where these are based on insensitive methods, it would be more appropriate to evaluate results from the new test(s) by comparing them to those obtained by current standard methods that measure agreement (kappa value). 26 Furthermore, a positive test result does not directly indicate disease, 25 but one test may give more positive responses than the other. The extent to which the tests classify the same individuals/samples into the same category (test positive or test negative) can also be assessed, which means agreement can be measured beyond chance level (kappa). 25 Therefore, a high kappa value indicates that the tests measure what they purport to measure. This study shows almost perfect agreement between PCR and IH, and a substantial agreement between PCR and virus isolation, and these findings indicate that PCR, IH, and virus isolation measure what they purport to measure. Furthermore, no statistical differences were observed between PCR and IH, and an equal likelihood of a positive result 16 should be expected for PCR and IH when examining paraffin-embedded tissue samples. IH and virus isolation had a moderate level of agreement (kappa 0.47). However, few observations were made, and each result therefore had a relatively great influence on the estimated kappa value, exemplified by 2 fetuses (nos. 9, 14) that were negative by IH and PCR and positive by virus isolation. Pathologic changes were not present, which might indicate that the fetuses had died before a generalized infection had developed and that any virus present might have been below the detection level for both PCR and IH. However, virus cross-contamination is a possibility. PCR and/or IH gave positive identification of EHV-1 from fetuses (nos. 6, 25) thatwere negative by cultivation (typical morphological lesions were also present). This result might have been be due to virus inactivation, which will give a negative result by cultivation but which is not crucial for identification of DNA fragments or viral antigens by PCR and IH. Furthermore, fetus no. 23 was positive by virus isolation and PCR but negative in IH. Pathologic changes were not present, which is consistent with the observation that only fetuses with histopathologic changes are positive by IH (Table 3) .
The diagnosis of EHV-1 infection associated with abortions in mares has traditionally been based on the presence of typical gross and histopathologic changes and isolation of virus in cell culture. 1 The present study shows that PCR and IH give results that agree closely with those of traditional diagnostic methods. PCR and IH are easy to perform and allow a diagnosis to be made the day following necropsy, a factor of great importance when dealing, for instance, with outbreaks in studs. PCR and IH in combination will be a valuable and powerful adjunct to standard diagnostic procedures in identification of EHV-1 infection in association with abortion in mares.
